Adoption behavior is well-known in birds, but the majority of adoption studies concern the nestling phase of birds' lives, whereas fledgling adoption is a much less well-known phenomenon, especially in passerines. During 17 years of observations, we collected data on the fate of 238 broods of European Blackbirds Turdus merula. In 171 cases fledglings were fed only by their own parents, in 24 cases the fledglings were given to adoption, while in 43 cases at least one fledgling was cared for by foster parents. Our analyses suggest that fledgling adoption in Blackbirds occurred under conditions that are consistent with the predictions of 2 hypotheses that explain the adoption phenomenon in birds. First, adoptions involved young fledglings of roughly the same age as the foster parents' offspring and in the context of a short distance between the biological parents and foster parents' nests: this gave rise to errors in foster parents recognizing their own young-in line with the Reproductive Error Hypothesis. Second, adoptions also occurred in instances where the distance between nests and the age difference between the adopted and the foster parents' own fledglings was twice as great compared to the conditions suggesting erroneous adoption. The longer distance between nests and the bigger age difference are in line with the Intergeneration Conflict Hypothesis.
INTRODUCTION
Adoption behavior (i.e., providing foster care-protecting, brooding, feeding-for another's offspring) is a well-known phenomenon in birds (Riedman 1982; Pierotti 1991; Brown 1998; Bukaciński et al. 2000) . Although it has been reported in more than 220 species (Brown 1987; Avital et al. 1998; Castillo-Guerrero et al. 2014) , the adaptive significance of adoption is not well-understood because, generally, it does not occur frequently within a species. The benefits to adoptees are self-evident, but 1) the benefits to the foster parent(s), 2) the origin of the set of behaviors that constitute "adoptive" behavior, and 3) the conditions for its spread in populations are not always clear (see Kalmbach 2006 for a review). Since altruistic behavior can reduce the fitness of individuals (Holley 1981; Riedman 1982; Carter and Spear 1986) , one would expect it to occur under very specific conditions. There are several nonmutually exclusive hypotheses that attempt to explain the adoption of fledglings. The first one is the Reproductive Error Hypothesis (REH, Andersson and Eriksson 1982; Riedman 1982) , which claims that adoption is an effect of parental mistakes in the recognition of their young. The second explanation-the Intergeneration Conflict Hypothesis (ICH)-suggests that some young birds try to obtain alloparental care because their biological parents are of low quality (Pierotti 1988; Williams 1994) . Another explanation corresponding more closely to the multi-brooded species was proposed by Stutchbury and Ogden (1996) . They suggest that biological parents reduce the parental care of their first-brood fledglings when the female is attempting a second brood. In the European Blackbird Turdus merula (henceforth "Blackbird"), the female usually restricts the feeding frequency when she starts to build another nest and always stops feeding her first fledglings when she starts the next brood. Males often restrict feeding frequency during nest building (he guards his mate when she is building the nest) and usually stops feeding the first-brood fledglings when new nestlings appear in the nest (Snow 1988; Wysocki, personal observation) . At this time, the almost independent young birds from the previous brood very often seek alloparental care. Thirdly, the Kidnapping Hypothesis (KH, Heinsohn 1991) suggests that adult birds adopt younger fledglings to protect their own older offspring against predators, which usually hunt for the weakest (normally the youngest) bird in a group. Finally, the Hormonal Coercion Hypothesis (HCH) states that failed breeders take care of foreign offspring as a result of hormonal priming (Jouventin et al. 1995) .
The majority of adoption studies concern interspecific adoption (widespread in Cuckoos and Cowbirds Zuñiga and Redondo 1992; Soler et al. 2014 , see Davies 2000 for review) and conspecific adoption during the nestling phase of a bird's life (Rohwer 1986; Meek and Robertson 1992; Dijkstra et al. 1997) . Except in the case of colonial seabirds (review in Brown et al. 1995) , fledgling adoption is a much less well-known phenomenon. We have found descriptions of fledgling adoption in passerines only in the Australian White-winged Chough Corcorax melanorhamphos (Heinsohn 1991) and in the North American Hooded Warbler Wilsonia citrina (Stutchbury and Ogden 1996) . The findings of these authors suggest a very high rate of fledgling adoption, especially among double-brooded species (these birds are more likely to reduce parental care of their first-brood fledglings when females are attempting a second brood). Hence, the Blackbird, which makes up to 3 successful breeding attempts in one breeding season (in 2016 we recorded 4 successful breeding attempts for the first time) (Desrochers and Magrath 1993; Wysocki 2004a) , should be an excellent species for studying this phenomenon.
The aim of this study was to test the predictions of 3 of the hypotheses mentioned above (REH, ICH, and KH; for comparison see Table 1 ) and to check the frequency of occurrence of fledgling adoption by adult males and females in different age classes (in their second calendar year of life vs. older). According to the REH, we predict that a higher incidence of adoption should apply to: 1) adjacent nests with young fledglings-just after leaving the nest offspring calls may change (Cramp and Simmons 1980; Brittan-Powell et al. 1997) , which makes mistakes more probable; 2) fledglings of a similar age to the step-parents' ones; 3) larger broods-parents of larger broods may have greater difficulties in recognizing the calls of their offspring than in case of smaller broods; moreover, the attack of a predator on a bigger brood which scatters in all directions may make adoption by mistake more probable. Moreover, we expect that 4) there is no relationship between the frequency of adoption and any particular time in the breeding season. In the case of the ICH adoption, behavior should be observed: 1) in adopting pairs whose neighbors have old fledglings; 2) when the age difference between the fledglings of the step-parents and biological parents is bigger than in the case of adoption by mistake, because in the case of intergenerational conflict (as opposed to adoption by mistake), no similarity to the step-parents' progeny is necessary; and 3) in the case of relatively older, sometimes already independent fledglings that are in the process of departing the family territory in search of food; in such cases the mean distance to their nest should therefore be greater in comparison to erroneous adoption. Moreover, according to Stutchbury and Ogden (1996) , a higher rate of old fledgling adoption should occur when parents reduce their parental care of first-brood fledglings and the biological mother is attempting a second brood. So 4) leaving their own fledglings should encourage the next breeding attempt in the breeding season, and 5) adoption should be observed more often in the first half of the breeding season, when pairs are more likely to start another brood.
As regards the KH, we should expect that: 1) adopted fledglings are younger than the step-parents' own fledglings, because inexperienced fledglings are the most vulnerable to predation. In effect 2) adopted fledglings should have a lower survival rate that the stepparents' own progeny.
Unfortunately, we cannot test the HCH because we have no data concerning the hormonal status of the foster parents. Thus, birds which have lost their own chicks and soon after adopted alien fledglings should have very high levels of the hormones governing parental behavior.
METHODS
The study was conducted in a city park (24 ha) in Szczecin (NW Poland), during the Blackbird breeding seasons from 2000 to 2016. Some young birds try to obtain alloparental care because their biological parents are of low quality or because the biological parents reduce their parental effort before the next breeding attempt 1) In pairs whose neighbors have old fledglings 2) The age difference between the step-parents' own fledglings and the adopted ones is of no importance, so one can expect that this difference should be bigger than in the case of erroneous adoption; the age difference between adopted and foster parents' fledglings is bigger compared to the conditions suggesting erroneous adoption.
3) In the case of relatively older, sometimes already independent fledglings that are moving away from their family nest in search of food, the distance between the nests of the foster parents and adopted fledglings should be larger compared to the conditions suggesting erroneous adoption 4) Foster parents limit subsequent breeding attempts in the season 5) Adoption occurs more often in the first half of the breeding season Kidnapping Hypothesis (KH)
The biological parents adopt younger fledglings to protect their own older offspring against predators, which usually hunt for the weakest (youngest) bird in a group 1) Adopted fledglings are younger than the step-parents' own fledglings, because inexperienced fledglings are the most vulnerable to predation 2) If the main goal of kidnapping is to maximize the survival of their own offspring at the expense of the adopted ones, we should expect the adopted young to have a lower survival rate Hormonal Coercion Hypothesis (HCH)
Failed breeders take care of foreign offspring as a result of hormonal priming 1) Soon after the foster parents have lost their own brood, especially after the loss of hatchlings or fledglings, when the level of hormones governing parental behavior is the highest The density of this Blackbird population ranged from 0.7 to 2.7 pairs/ha. The closed canopy consists of mixed stands of mature trees. The rather poor understorey is made up primarily of Yew (Taxus baccata), Common Snowberry (Symphoricarpos albus), and Spirea (Spirea sp.). Over 90% of breeding Blackbirds and about 40-60% of fledglings were color ringed during the whole study period (see Wysocki 2006 for methodological details).
Data collection
About 850 pairs were watched (average 50 pairs per year), but for our analysis we used only observations of pairs, all of whose fledglings were recognized as offspring by reading off colored rings. We did have some cases in which unringed fledglings were adopted by a bird with a known history, but because we could not rule out the possibility of polygyny, for example, (sometimes the second female is extremely shy), regularly observed in this population (Wysocki 2004c; Wysocki and Walasz 2004; , we decided to reject those observations. Adoption was deemed to have occurred when an adult bird fed an alien fledgling at least twice during at least 1 day. The regularly observed begging behavior of fledglings directed towards unrelated adults was not treated as adoption. In practice, only the broods with color-ringed fledglings were taken into account, because of their known history. Ultimately, we collected information on the occurrence of adoption or the lack of it in 238 broods. Although we have no genetic data on paternity, we consistently use in this article the term "foster parent(s)" for bird(s) that fed alien fledglings (not from the "foster parents" nest) and "biological parent(s)" for bird(s) that fed fledglings that grew up in their nest.
The age of the adopted birds entered in the data base was that on the first day that adoption was confirmed. If there was no adoption during a longer time (fledglings are dependent on their biological parents for 2 to more than 4 weeks), we recorded the age of a fledgling closest to the seventh day after its departure from the nest (the average age of fledgling dependence on the parents), even if we observed cases where parents fed their own progeny earlier as well as later. Hence, every case of adoption or the lack of it was recorded only once in the data base. Successful broods consisted on average of 3.5 fledglings per pair. Neighbors were pairs with territories bordering that of the target pair. Based on our own observations, we took the 35th day of life (21 days after departure from the nest) as the age when fledglings became independent of their parents, even though we observed exceptional, prolonged feeding of some last broods.
Prediction testing procedure
We used the generalized linear model with binomial error distribution to test the first, third and fourth predictions of REH (Table 1) , and the first and fifth predictions of ICH (Table 1 ). The dependent variable was the occurrence of adoption by a pair, and the independent variables were brood size, occurrence of neighbors with fledglings in 2 age categories-young fledglings (testing the REH prediction, "early" adoption took place when the step-parents started feeding fledglings before they reached the 22nd day of life, 1 week after leaving the nest), and old fledglings (testing the ICH prediction, "late" adoption means that young birds were fed from the 22nd day of life onwards)-and the time covariate during the breeding season (testing the 4th REH and 5th ICH prediction, expressed as the day of the year). If there was more than one case of adoption by a given pair or there was more than one neighboring pair, the ages of the adopted/neighboring fledglings were averaged. To test the first prediction of KH (Table 1) , we also applied the generalized linear model with binomial error distribution, but the dataset was a subset to cases where neighboring fledglings were present. We checked the probability of adoption in relation to the interactive effect of age of parent birds' own progeny with the age of neighboring fledglings. If the first prediction of KH is true, the probability of neighboring young fledglings being adopted should be higher if the parents' own fledglings are older. To test the second prediction of KH (Table 1) , we compared the survival of adopted fledglings and the step-parents' own progeny. We obtained the survival of adopted and non-adopted birds simply as the percentage of birds that survived to 21 days of age after leaving the nest (which is when fledglings become independent). The values were compared using the Chi square test of independence. The second prediction of REH and ICH (Table 1 ) was tested by comparing the age difference between the step-parents' own fledglings and the adopted ones in the case of "early" and "late" adoptions (Student's t-test). For the third prediction of ICH and also the first one of REH (Table 1) , we compared 2 groups: "early" adopted and "late" adopted fledglings with respect to the distances between the foster parents' nests and the nests in which the adopted young had hatched. If the ICH third prediction is true, the older fledglings should be found adopted in nests farther away than very young fledglings, which should be erroneously adopted by neighboring pairs (Student's t-test). To test the fourth ICH prediction, we compared the percentages of birds that started another brood between the group of adopting and biological parents (Chi-square test).
Statistica 8.0 (StatSoft) software was used. The Chi-square test of independence was used in the summary statistics. P < 0.05 was considered statistically significant in all the analyses.
RESULTS
During the 17 years of this study, we found that 171 (72%) broods were fed only by their own parents, in 43 (18%) at least one fledgling was cared for by a foster parent and in 24 (10%) we know which birds abandoned their own fledglings (Table 2 ). In 7 (16%) of the 43 cases of adoption, this was interspecific: in 5 cases Blackbirds adopted a Fieldfare and in 2 cases Blackbirds adopted 2 Fieldfare fledglings (the reverse situation, the adoption of Blackbird fledglings by fieldfares, was never observed, despite the similar size of the Fieldfare population in the study area). Foster parents started another brood almost half as often as parents that had left their own fledglings (35.7% vs. 64.3%; χ 2 = 2.63; P = 0.10). Males adopted fledglings more often than females (62% vs. 38%), but this difference was not statistically significant (χ 2 = 2.64, P = 0.10). Young males (in their second calendar year) adopted fledglings more often than older ones (25.6%, N = 39 vs. 10.1%, N = 158; χ 2 = 6.57, P = 0.01); between females this difference was not significant (Fisher's exact test; P = 0.58).
Of all the factors analysed in model testing REH and ICH, only the presence of neighbors with young fledglings and neighbors with old fledglings encouraged fledgling adoption; neither brood size nor the advancement of the breeding season were significant (Table 3 , Model A). We found that the probability of adoption increased if other fledglings were present in the nearest neighborhood (Figure 1 ). We also found that, in the case of "early" and "late" adoption, the age difference between the step-parents' own fledglings and the adopted ones were marginally insignificant ("early" adoption-difference 3.4 ± 2.3 days, N = 14; "late" adoption-5.9 ± 4.5; N = 15, t test, t = 1.92, P = 0.06). Moreover, in the case of "early" adoptions (adoption of fledglings in their first week after leaving the nest), the mean distance between the foster parents' nest and the nest where the adopted young hatched was 48.2 ± 25.2 m (N = 10), while for "late" adoptions it was 102.2 ± 66.3 m; the difference between these groups was significant (N = 11; t test, t = 2.40, P = 0.027). Where our records showed that neighboring fledglings were present, our second model (Table 3 , Model B) did not indicate any significant effect of interaction between the age of fledglings and the age of neighboring fledglings, which failed to confirm the first KH prediction. Also, contrary to the KH predictions, the survival of adopted fledglings was very high. Over 85% of fledglings (12 out of 14) that were adopted before the 22nd day of life (during the first week after leaving the nest) became independent, in comparison to the overall 51% fledgling survival in our population in 2005-2015 (231 out of 450; Fisher's exact test; P = 0.003).
DISCUSSION
Fledgling adoption is a relatively common phenomenon in Blackbirds. We observed it in almost 20% of the broods in our population. Heinroth and Heinroth (1924) postulated the regular occurrence of fledgling adoption in Blackbirds, but Snow (1958) observed it only twice in the first intensively studied Blackbird population to be colour-ringed. As opposed to colonial and ground-nesting birds (review in Brown et al. 1995) , not much is known about the factors affecting fledgling adoption in passerines (Heinsohn 1991; Stutchbury and Ogden 1996) . Our study provides support for the REH (Andersson and Eriksson 1982; Riedman 1982 ) and the ICH (Pierotti 1988; Williams 1994) . The HCH cannot be ruled out (data concerning the hormonal status of the foster parents are needed to test this hypothesis), but we failed to find any evidence to support the KH in this Blackbird population.
Among the factors that might affect the adoption rate, only the presence of neighbors with young and old offspring turned out to be significant. So our data confirmed the REH and ICH. First of all, the presence of young fledglings of a similar age in the neighborhood and the small distance between the biological and foster parents' nests might have given rise to apparent errors in the recognition by the former of their own progeny. In many bird species, chick calls change prior to, or after, fledging (Cramp and Simmons 1980) . The structure of these calls and the information they contain may change with age (Brittan-Powell et al. 1997) , which makes mistakes more probable. Also, the lack of adoption of Blackbird fledglings by Fieldfares makes the mistake hypothesis more likely. The Fieldfare is often a colonially nesting species (Cramp and Simmons 1980) , and according to Bustamante and Hiraldo (1993) , colonial species may be better at recognizing their offspring than solitary breeders, because fledgling intrusions are potentially more frequent in colonial contexts. In contrast to our assumption, brood size does not affect adoption frequency. Since begging calls can attract predators (Haff and Magrath 2011; Węgrzyn and Leniowski 2015, personal observation) , it is possible that shortly after leaving the nest, almost flightless young Blackbirds try to move farther away from each other so as to minimize the possibility of predation. Hence, at relatively high breeding densities (Wysocki 2004b; Wysocki and Walasz 2004) and with small distances between active nests, adoption is frequent, even in small broods.
The presence of old fledglings in the neighborhood also favors adoption. But in this case the most probable cause of adoption is an intergeneration conflict won by the fledgling. This statement is confirmed by the significant age difference between adopted and step-parents fledgling in "early" and "late" adoptions. The mean age difference of "early" adopted fledglings is 3 days: this difference is often confirmed within a single brood (Magrath 1989, personal observation) . In the case of "late" adopted fledglings this difference is almost twice as great, which, taking into account the high rate of feather growth during the first month of a fledgling's life, makes a mistake less probable (fledglings are morphologically distinct despite the relatively small age differences). Moreover, we found that in Table 3 The coefficients of the generalized linear model showing the relationship between independent variables (presence of neighbors with young or old fledglings, brood size and time (day of the year) of the breeding season of potentially adoptive parents) and the probability of fledgling adoption by parents of Blackbird (Turdus merula). Model A was performed on the whole data set (n = 184 pairs) and was used to test the predictions of the reproductive error and intergeneration conflict hypotheses. Model B was performed only for pairs which had fledglings in their neighborhood (n = 87 pairs) and was used to test the predictions of the kidnapping hypothesis (KH). "early" adoption the distance between the nest of the adopted fledgling and that of the step-parents is half as great as in the case of "late" adoptions. The larger nest distance and bigger age difference between "late" and "early" adopted fledglings and the step-parents' own progeny seems to confirm ICH. Also, the smaller probability of a Blackbird pair that had adopted fledglings producing another brood compared to pairs which abandoned their own fledglings (Stutchbury and Ogden 1996) confirms ICH. In contrast to our predictions, we did not find that time of the breeding season had a significant effect on the probability of adoption. In the early breeding season, most pairs abandon their first brood fledglings as soon as the second brood hatchlings appear in the nest. Not feeding their first brood any longer thus favors intergeneration conflict. But the Blackbird's breeding season is sometimes very long, especially during a wet summer (Jankowiak et al. 2014; Jankowiak and Wysocki 2015) ; whereas some pairs stop breeding after the first success, others produce another one or 2, and exceptionally 3 broods, as in 2016. Such an extension in time combined with a high predation rate could be responsible for the lack of the predicted pattern. Bukaciński et al. (2000) found that gull fledglings were most often adopted by neighbors of the biological parents; in that study, however, the high frequency of adoption was driven by kin selection. As the regular nesting of close relatives in a neighborhood raises the degree of genetic similarity between neighbors, the same must apply to foster parents and adopted chicks. Such conditions probably enable adopting neighbors to indirectly acquire fitness gains. But in our population of Blackbirds such a situation seems highly unlikely. Despite the high return rate of the young birds and the high level of site fidelity (Jankowiak et al. 2016) , we observed close kin breeding in the vicinity only once. Moreover, the territories (and partners) changed more often, especially after the first breeding season (Wysocki 2004a (Wysocki , 2006 .
Model
According to the KH, parents should adopt fledglings younger than their own. Moreover, birds should adopt small fledglings (before the 22 nd day of life), because the first days away from the nest are crucial for a fledgling's survival to independence (Ebenman and Karlsson 1984) . The lack of a significant effect of interaction between the age of one's own fledglings and the age of neighbors' fledglings does not confirm the KH prediction, however. If the main aim of kidnapping is to maximize the survival of the step-parents' offspring at the expense of the adopted ones, we should expect the adopted young to have a lower survival rate. Instead, we found that adopted fledglings had a very high survival rate, which suggests the absence of significant costs to the adopted bird. The most likely cause of the much lower survival rate until independence for the whole population than for adopted fledglings lies in how survival is specified. In the whole population, the number of fledglings is the number of ringed nestlings, so long as there are no factors affecting partial loses. Because fledgling mortality is the highest at the beginning of life outside the nest (the daily mortality rate for the first 5 days is 4.2% vs. 1.4% for days 6-15; Ebenman and Karlsson 1984), we can expect that the majority of adopted fledglings, at the start of adoption, have already survived the most vulnerable phase of their life.
Another interesting phenomenon is that young males adopted more often than old ones: the difference was significant despite the small sample size. There is no information in the literature concerning such differences. Young adults may gain experience for future breeding through such behavior (Simmons 1992; Komdeur 1996) , and this could be more important for males than for females. Males, especially those in their second calendar year of life, have the lowest chance of successful breeding (Wysocki 2004c (Wysocki , 2006 Jarska et al. 2015) , so fledgling adoption might be their way of maximizing successful breeding (by gaining experience) in the next breeding season. It is also possible that as young males are inexperienced, they may make more mistakes in recognizing their offspring, which potentially offers support for the REH. Previous experience seems to be important in interspecific fledgling recognition (Soler et al. 2014) . Adoption might have been much more frequent if the step-father had copulated earlier with the biological mother of adopted fledglings, but we have no data concerning paternity to test this hypothesis. In this population, however, extra-pair copulations are very uncommon: 2 such cases concerned females copulating with old males that already had partners (Wysocki, unpublished data) . Extra-pair copulation forced by males from neighboring territories and young floaters is a regular occurrence (Wysocki and Halupka 2004) , especially at the beginning of the breeding season (Wysocki, unpublished data) . Because the frequency of fledgling adoption did not change during the breeding season, forced copulation, extremely rare in the second half of the breeding season, probably did not have a significant impact on the adoption rate.
In summary, different mechanisms could be governing parental care in Blackbirds in the target population. Most of the hypotheses set up to explain the occurrence of adoptions are not exclusive, so they should be considered together (Ligon 1991) . All these hypotheses can be falsified when paternity data, the hormonal profile of birds following breeding failure, and detailed behavioral data (especially feeding behavior) regarding parents during the first days after fledglings have left the nest become available. Hence, new, meticulously planned studies are needed in order to distinguish clearly between the various hypotheses and explain this still poorly understood phenomenon in birds.
The authors are grateful to all the students and volunteers for their help with the fieldwork, especially to Piotr Piliczewski, Dawid Zyskowski, and Marcin Kotynia for helping in the field. We would like to thank Peter Senn and the anonymous referee for improving the language. 
